Research published in this journal and elsewhere has demonstrated an increased risk of pneumoconiosis and more recently chronic obstructive pulmonary disease among coal miners. Despite this extensive research base, many puzzles remain such as the deficit of lung cancer reported in many studies of coal miners. These findings are surprising since in addition to coal dust, miners are exposed to other substances that are widely recognised as causing respiratory cancer in humans, most notably silica, 1 but also diesel exhaust and radon gas. We have chosen for this editorial two landmark papers from the journal archives that addressed this as yet unresolved issue.
In his 1955 article, Primary lung cancer in South Wales coal-workers with pneumoconiosis, 2 James described the autopsy findings of approximately 1800 coal miners and 1500 non-miners who died in South Wales between 1947 and 1952. Lung cancer was found to be less common in coal miners (3.3%) than in non-miners (5.4%). Furthermore, the proportion of lung cancers appeared to be inversely related to the severity of pulmonary disease in the coal miners, being 5.1% among individuals with simple pneumoconiosis and only 1.4% among individuals with progressive massive fibrosis. Based on his study and previous autopsy studies with similar findings, 3e5 James concluded that the findings "do not suggest that inhaled coal dust is carcinogenic".
Goldman in his 1965 article, 6 Mortality of coal-miners from carcinoma of the lung, presented a review of findings from several published studies and unreported investigations that supported the hypothesis that "mortality from cancer of the lung is appreciably lower for coal-miners than for other men of similar age". He gives credit for the initial discovery to Kennaway and Kennaway who reported in 1936 that lung cancer mortality among coal miners was approximately 50% lower than among men in other occupations in England and Wales. 7 8 These findings were corroborated by the 1958 Registrar General's decennial report on occupational mortality, 9 which reported that the standardised mortality ratio (SMR) for lung cancer in coal miners in England and Wales was 71.
i Goldman also cites as evidence of a lung cancer deficit the aforementioned autopsy studies and the landmark study by Sir Richard Doll of nickel workers, which incidentally examined mortality in coal miners and reported an approximately 50% deficit in proportionate mortality from lung cancer. 3 Goldman presented new findings from a study of coal miners using data from the National Coal Board. A deficit in lung cancer (SMR 74) was found which was lower among underground coal miners (SMR 70) than among surface miners (SMR 92). Finally, Goldman observed that lung cancer mortality was lower in coal mining communities than in non-coal mining communities in Wales.
Goldman presented a very thoughtful discussion of potential explanations for the deficit of lung cancer mortality in coal miners, including differential smoking rates among workers, competing risks, misdiagnosis bias and possible differential exposures of workers to outdoor pollutants. None provided an adequate explanation. For smoking Goldman noted that the percentage of smokers among coal miners was reported to be somewhat higher than that among other workers in England and Wales. He noted that competing risks from accidents and pneumoconiosis might explain the findings from the autopsy or proportionate mortality studies but was unlikely to provide an explanation for the findings from the SMR studies. Lung cancer might be under-diagnosed in the presence of severe pneumoconiosis, but Goldman felt this was probably offset by the higher autopsy rate among coal miners compared to non-miners. Finally, Goldman argued that the hypothesis that the deficit in lung cancer might be explained by air pollution being lower in the rural areas where the coalmines were located was not supported by the fact that the wives of coal miners did not have such dramatically low lung cancer rates as the miners.
Based on his review, Goldman suggested that it might in fact be the case that "the inhalation of coal-dust antagonises the induction of pulmonary malignant change". He suggested that the facts that lung cancer mortality was lower in underground miners than among surface miners and that the risk of lung cancer decreased with increasing degree of pneumoconiosis provided additional support for this hypothesis. Interestingly, the hypothesis that coal dust may actually prevent lung cancer is consistent with recent experimental evidence that exposure to coal dust may inhibit the expression and activity of CYP1A1 in the lung, which is involved in the metabolism of polycyclic aromatic hydrocarbons in cigarette smoke to reactive intermediates believed to be involved in carcinogenesis. 10 How has the hypothesis that lung cancer mortality is decreased among coal miners held up since the seminal publications by James and Goldman? While most cohort studies published since that time have shown a deficit in lung cancer among coal miners, 11e16 there have been some notable exceptions.
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A small to moderate excess of lung cancer has also been reported in several population based caseecontrol studies. 22e24 Particularly illuminating are the findings from the most recent follow-up of the US and British coal miner cohorts, which both show the deficit disappearing with additional follow-up. In the most recent findings from the US cohort, lung cancer mortality was slightly higher than expected (SMR 107, 95% CI 95 to 119), 20 in contrast with the significant deficit in the previous update of that study (SMR 77, 95% CI 60 to 99).
14 Similarly, Miller et al recently reported that lung cancer mortality was close to expected (SMR 98, 95% CI 93 to 105) in the British cohort and that there was a significant excess of lung cancer (SMR 118, 95% CI 105 to 128) in the most recent follow-up period. 21 The findings from these two studies strongly suggest that the previously reported deficit in lung cancer mortality may be explained by a particularly strong example of the healthy worker effect (HWE). The HWE bias, which is in part related to the initial hiring of workers who are healthier than the general population, has long been recognised as disappearing with extended follow-up of cohorts. 25 Miller suggests that the excess of lung cancer in the most recent follow-up period of his cohort might also be explained by the fact that miners were not allowed to smoke while underground, and that this protective effect was removed after the mines were closed. This is plausible, but it also raises the question as to whether there could be a true excess of lung cancer among coal miners that has been masked by the HWE and the prohibition of smoking in coalmines? The lack of evidence for an exposureeresponse relationship between coal dust and lung cancer in the British study argues against this conjecture, particularly since such a relationship was observed for silica. These analyses largely avoid the bias related to the HWE since they are internal analyses that do not rely on comparisons with the general population. However, these analyses do not fully control for the potential bias related to cigarette smoking, since workers with long duration of employment and high cumulative exposure would also have been prevented from smoking during the workday for long periods of time. Although smoking was controlled for in the British study, it was based on smoking at the time of entry and thus there was no control for the reduction in smoking that resulted from employment in the mines.
By now many readers of this editorial may be asking why they should care about this issue. Coal mining is an old industry and the hazards associated with coal mining have been exhaustively studied. First, coal is still a major industry in the USA and other parts of the world; production has actually been increased in the USA over the last decade. 26 Second, the hazards associated with coal dust exposure have not disappeared, and in fact coal worker's pneumoconiosis has been increasing in the USA. 27 28 Admittedly, the risk of lung cancer is probably not the greatest concern for these miners given their high risk of non-malignant respiratory diseases and accidents. However, coal dust serves as a model for understanding the mechanistic basis of the carcinogenicity of other insoluble particulates. The lack of evidence of a respiratory cancer risk in coal miners may be seen as a reason to dismiss the relevance for humans of the findings from toxicological studies of an increase in lung tumours in animals exposed to other insoluble particulates such as carbon black and diesel exhaust. 29 Resolution of this question will not be easy and will require studies of coal miners that include detailed measurements of coal dust and silica, control of biases related to the HWE, and perhaps, most importantly, careful control of confounding by smoking. Regarding smoking, one approach that may be useful for future analyses is to examine the exposuree response relationship between coal dust and lung cancer among non-smokers.
